Abstract This study examined the long-term results of a metal-on-metal total hip replacement with a Metasul-lined cup. Twenty-nine total hip arthroplasties were performed in 27 young patients (mean age 49 years). Twenty-two patients (23 hips) were available for clinical and radiographic analysis after a mean duration of 99 months. Mean preoperative Harris hip score of 60 improved to 93 at most recent follow-up. One patient required revision of his cup for periacetabular osteolysis. Radiographic analysis showed osteolysis in another four hips. The high rate of osteolysis found in this series has not previously been reported with this type of implant. The length of follow-up in this series is greater than other reports in the literature and may explain this difference.
Introduction
Wear-related osteolysis with metal-on-polyethylene articulations [23] has led to a resurgence of interest in metal-onmetal bearings. Second generation metal-on-metal bearings have evolved after recognition of the causes of failure of the first generation McKee-Farrar and Ring prostheses [4, 22] .
Some current designs of metal-on-metal cups include a polyethylene interface (sandwich) between the metal bearing surface and titanium shell and may be cemented [5, 22] or cementless [1, 2, 10, 14, 15, 18] fixation.
The potential for osteolysis remains, related to metal wear debris from the primary articulation [12, 17] , polyethylene wear debris from backside wear [21, 25] , and the pumping of fluid through the hole in the shell [19, 20] . We therefore studied the results of one such implant to assess the long-term clinical outcome and the risk of osteolysis and loosening.
Materials and methods
From November 1995 to November 1996, a consecutive series of 27 young patients (29 hips) underwent total hip arthroplasty with a Metasul metal-on-metal bearing using a polyethylene sandwich cup design.
Twenty-one patients (76%) were male and six (22%) were female. Mean age was 49 years (range 35-63 years). Average weight was 84 kg (range 48-115 kg) and average height was 174 cm (range 152-185 cm). Average BMI was 28 (range 21-38). The right hip was involved in 14 patients, the left hip in 11 patients, and two patients had staged bilateral hip replacements. There were 22 cases of primary osteoarthritis; osteoarthritis was secondary to avascular necrosis in three cases, developmental dysplasia in two cases, and slipped capital femoral epiphysis and trauma in one case each. All patients were operated upon by a single surgeon (WKW) through a posterior approach.
A modular cementless femoral stem with a grit blasted surface (CLS, Sulzer, Winterthur, Switzerland), a modular cup with a titanium shell and a polyethylene insert with a Metasul inlay (both Fitek, Sulzer, Winterthur, Switzerland), as well as a 28 mm Metasul head were used in all patients. Primary fixation was achieved by press-fit in all cases, without screws; however, all shells had a polar hole.
Patients were instructed to fully weight-bear as tolerated. Clinical and radiographic review was recommended at six weeks, one year, two years, five years, and ten years postoperatively. Patients completed a questionnaire based on the "Standard System of Terminology for Reporting Results" [9] which includes modified Harris hip scores [6] . Periprosthetic radiolucent lines were defined as lucencies that had not been present on the immediate postoperative radiograph and were defined using DeLee and Charnley and Gruen zones [3] . The presence and volume of focal bone resorption was assessed on plain radiographs in all cases and was further investigated using multi slice axial computerised tomography (CT) in 13 patients to assess for evidence of osteolysis [11] . Liner wear could not be accurately assessed because it was not possible to determine the interface between components, both having the same radiographic opacity.
All data was collected prospectively and entered into a database at the time of assessment.
Despite an exhaustive search there were two patients (three hips) completely lost to follow-up. There was one death unrelated to surgery. Two patients developed a deep infection and were excluded from further analysis. One of these patients developed an infection after a dental abscess 54 months after the index procedure and underwent two stage revision after drainage and antibiotic treatment failed to resolve the infection. Histological analysis following revision surgery showed evidence of acute infection, and no evidence of metal hypersensitivity. The other patient developed a deep infection five months following index procedure and underwent surgical drainage and retention of a well fixed prosthesis. There was clinical evidence of chronic infection at the time of most recent follow-up but the patient had elected not to undergo revision surgery. One patient moved away and was unable to attend for radiographs. Clinical data was obtained for this patient using a postal survey. Clinical follow-up data was therefore available for 22 patients (23 hips); radiographic follow-up was available for 22 hips.
Clinical results

Average length of clinical follow up was 105 months (range 26-128 months).
The Harris hip score improved from a mean preoperative score of 60 (range 16-89) to 93 (33-100) at most recent follow-up. There were 22 patients (96%) with good or excellent scores at final follow-up and one patient with a poor score. This patient had concurrent lumbar spine problems and her pain has improved with physiotherapy since her most recent visit. Twenty-two patients (96%) had none or mild pain at final follow-up. Function, assessed by walking ability and use of walking aids, was good with 22 patients (100%) walking without a limp and 21 patients walking without a cane or crutch at final follow-up.
Average flexion was to 105 degrees flexion (range 35-140). No patients had significant leg length discrepancy as determined by clinical examination.
One patient complained of audible squeaking from his replaced hip. This occurred transiently. It was first noticed immediately postoperatively and lasted for three months. It did not then squeak for a number of years but occurred on one occasion ten years postoperatively when dressing. The squeak tended to occur under load in mid range of flexion and was audible to the patient and to observers. There are no plans to revise the component as the implants are well fixed and the patient is otherwise asymptomatic. CT scan shows that the cup is slightly retroverted with respect to the anterior pelvic plain. It also shows a small volume of central retroacetabular osteolysis (discussed below).
One patient was revised for osteolysis and is discussed below.
Radiographic results
Average length of radiographic follow-up was 92 months (range 26-129 months).
Osteolysis
Osteolysis was found in five out of 22 hips (23%). Location of osteolysis was in the periacetabular region in three cases and in the femur in two cases (Figs. 1 and 2) . Each of these cases were assessed with plain radiographs and CT scan. The eight remaining patients who underwent CT scan had no evidence of osteolysis. Table 1 summarises the radiographic features of each case of osteolysis with regard to site and size of osteolytic lesion, pain, and activity levels at most recent follow-up and treatment.
None of these lesions was present on preoperative radiographs; four were noted to be expansile on sequential radiographs. CT scans demonstrated the presence of a communication pathway in all cases-between the lesion and the joint space around the periphery of the implant (cases 1, 3, and 4), through the polar hole in the cup (case 2), or via both routes (case 5).
One case (case 5) underwent revision of the acetabular component at 124 months (Fig. 2) . At operation a retroacetabular lesion was identified which communicated with the joint through a small superior pathway. The cup was otherwise well fixed and was stable. After removal of the -4 cup, the cavity was curetted and was found to contain friable brown tissue, which was sent for histological analysis with a sample of anterior capsule.
Radiolucent lines
All cups showed stable fixation with bony ingrowth at final follow-up with no radiolucent lines reported in any zone in any patient. The polar region of the cup (zone II) does not gain immediate contact with the acetabular bone at the time of implantation because the cup is deliberately flattened at the pole to encourage rim fixation. In all cases, therefore, this defect filled in over time. There were no femoral radiolucent lines reported in any zone in any patient.
Stress shielding was present in the proximal femur in nine cases. This was limited to zones one and seven in eight cases and extended to zones two and six in one case.
Histological findings
The tissue from the retro-acetabular cavity of the revised case was composed of granular debris, much of which had a fibrinoid degenerative appearance. This tissue was associated with fibro-vascular tissue in which numerous histiocytes were present, the histiocytes containing abundant granular grey/brown debris which was nonpolarisable.
No polyethylene or metal particles were present. There were intracellular inclusions in keeping with old haemorrhage. The capsular specimen again showed areas of extensive fibrinoid change and no wear particles.
Discussion
This is the longest follow-up report of this type of bearing (cementless metal-on-metal with polyethylene sandwich cup). Average length of follow-up in published series ranges from 45 to 85 months [1, 2, 5, 10, 14, 15, 18] .
In our series nearly 25% of patients developed focal osteolytic lesions despite the previously low rates of osteolysis reported with cementless polyethylene sandwich cups [2, 4, 10, [13] [14] [15] 18] (summarised in Table 2 ).
All of these reports have included significant numbers of cups with large holes either for screws or for implantation instrumentation. The shell used in this series has no screw holes but has a small polar hole. Two of the cases of acetabular osteolysis in this series had evidence of osteolysis behind the polar region (zone II), although in the revised case the majority of the bone loss was superiorly (zone I). Osteolysis is known to occur in relation to screw holes, which provide a pathway for the passage of polyethylene debris [19, 20] . In the case that was revised for osteolysis, however, there were very few polyethylene A recent report of a series of 97 cemented Metasul lined polyethylene sandwich cups (with cemented titanium stems) reported a high rate of acetabular osteolysis at eight years. Seven cups were revised for osteolysis and a further three cups were awaiting revision [13] . A previous report of cemented cups showed a rate of osteolysis of 0%, but follow-up was limited to 62 months [5] .
There is evidence that hypersensitivity to metal particles may play a role in loosening of implants with a metal-onmetal bearings [24] , although the relationship is not yet fully established [8] . The hypersensitivity reaction is characterised by chronic inflammation and the presence of perivascular lymphoid aggregates on histology. There was no evidence for this finding in our revised case and metal particles were not seen on histological examination.
Both of the cases of femoral osteolysis in our series were in the proximal femoral metaphysis in continuity with the joint. This is a pattern that has been reported with cementless metal-on-polyethylene implants and is consistent with an aggressive response to particulate debris [26] . The size of the lesions in our series is such that further intervention has not been warranted and histological analysis has not been possible on any but one case.
The question as to whether or not the pelvic lesions identified in this series represent osteolysis can be addressed by assessment according to the criteria set out by Kitamura et al. [11] . Their study demonstrated that the presence of communication pathways between the lesion and the joint was the best predictor of a true osteolytic lesion. Communication pathways were present in all lesions reported as osteolysis in our series.
It should be noted that the patients who developed osteolysis reported that they have returned to a high level of activity (Table 2) . Whilst these patients do not have a statistically higher activity level than the patients who did not develop osteolysis, there is a trend. Activity levels have been shown to be related to polyethylene wear in metal-onpolyethylene bearings [16] , but not to the generation of metal ions in metal-on-metal arthroplasty [7] . Whether backside polyethylene wear related to high activity levels plays a role in our series is not clear.
There are two main limitations of our study. The first is the small sample size. This series reports the total number of this type of bearing that the senior author implanted, which was used in young active patients before ceramic bearings became widely available.
Secondly, this study uses CT scanning to help with diagnosis of osteolytic lesions. Without the use of CT, three cases may not have been detected (cases 2, 3, and 4). Whilst two of these cases were visible on plain radiographs (cases 2 and 3), the plain radiographic abnormality was subtle and was only evident after the CT scan had brought the lesions to light. The use of CT scanning has however given a more accurate assessment of these lesions and is therefore likely to have allowed a truer assessment of the rate of osteolysis than plain radiographs alone.
Conclusion
This small series shows an excellent clinical outcome with this implant but a high rate of radiographically defined osteolysis. The cause for osteolysis is not evident from histological analysis of the only patient who required re-operation.
